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A measurement of the transverse energy (E

T





p cms is presented in a wide range of Q
2
and W . For xed
values of Q
2
and W the E

T
ow distributions are almost at in 

at a level of
2GeV/(unit of 







where the distribution rises towards
the photon fragmentation region (

 2  2:5). The comparison of the data with
new model calculations, which consider parton branching process and hadronisa-




ow measurements alone because of the large inuence of the hadronisation
and the theoretical uncertainties which remain to be understood.
1 Introduction
At HERA the parton distribution of the proton is being tested at values of









. A signicant rise of the structure function F
2
, i.e. the
parton densities, towards small x at xed Q
2
has been observed. There are two





equations, by which it is possible to describe the existing data on F
2
at very
low x in satisfactory manner. The DGLAP equations describe the evolution
with lnQ
2
, whereas the BFKL that in ln (1=x). The two evolution schemes
dier also in many details of the calculation of the parton branching process
leading to dierence in the parton dynamics.
The dierence which is important for the discussion in this paper is, that
the DGLAP evolution prescribes a strong ordering in the transverse momen-




, where the index i increases along
the line of gluon emissions (so called 'gluon ladder') from the proton remnant
towards the boson-parton vertex, whereas the BFKL evolution does not. As a
consequence one expects that the average number of emitted gluons and the
average transverse gluon momentum is larger if the parton dynamics is deter-
mined by the BFKL evolution rather than by the DGLAP evolution equations.
By looking at the the transverse energy (E
T
) ow distributions of the
hadrons emerging from the emitted gluons, one can in principle obtain infor-
mation about the parton dynamics from the hadron distributions, provided
that the hadronisation process is well understood. Along this idea the E
T
a
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Figure 1: Transverse energy ow (E

T
) distribution as a function in the 

p c.m.s., shown
in some selected Q
2
and W bins. The photon direction is towards positive pseudorapidities
(

). The prediction of the old MEPS (Lepto 6.1) (dashed) the new MEPS (Lepto 6.5) (full)
and recent CDM (Ariadne 4.8) (dotted) model calculation is shown.
ow distributions had been analysed earlier in time
3
. Here recent data from
ZEUS are presented and compared to new model calculations which include
the simulation of the hadronisation.
2 Experimental Results
The transverse energy ow (E

T
) distribution as a function of the pseudora-
pidity 





) in the 

p center-of-mass system (c.m.s.) has been
determined from ZEUS data in a wide range of Q
2
and W . In Fig.1 the results
is are shown in the lowest (highest) Q
2
 W bin analysed. Events with an large




















ow in the photon fragmentation region is somewhat
higher than in the central region (

 0).
To summerize the Q
2
and x dependence of the E

T

















is the pseudorapidity of the hadron (energy deposit in the calorimeter) closest to
the proton beam direction.
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Figure 2: Average transverse energy ow per unit in rapidity in the central region as a
function of x in 2 Q
2
bins. The full,dashed and dotted line show the prediction of the new
MEPS, old MEPS and CDM model calculation respectively. The thick solid line shows the
prediction of an BFKL calculation on the partonlevel
4
, i.e. without the simluation of the
hadronisation.
function of x at xed Q
2






rising x in all Q
2




The data are compared with results frommodel calculations which consider
QCD parton branching processes and the hadronisation. In the MEPS model
the O(
s
) matrix element (ME) calculation is combined with the simulation
of a partonshower (PS) using DGLAP evolution equations
5
. In the colour
dipol (CDM) model the gluon emission is treated as radiation from a colour
dipol exploiting the similarity with the QED dipol radiation
6
. The dierence
between these two models, which is important for the discussion here, is that
in the MEPS model there is a strong ordering in the transverse momentum of
the emitted gluons, whereas in the CDM model not. In this respect the parton
dynamic in the CDM model is similar to what is expected in the BFKL parton
evolution scheme.
In an earlier analysis of the energy ow
3
it was found that the elder version
of the MEPS model (LEPTO 6.1
7
) failes to describe the energy ow in the
central region (compare the dashed line in Fig.1,2), while the CDM model
reasonable well reproduces the experimental results (dotted line in Fig.1,2).
3
Figure 3: The prediction of the E

T
ow per unit in 

on the hadron (full line) and the
parton level (dashed line) from two dierent modelcalculations.
This has been interpreted as an indication that the gluon emission is ruled by
BFKL type equations rather than the DGLAP equations.
3 Hadronisation Eects
However, with the new version of the MEPS model (LEPTO 6.5
5
, full line in
Fig.1,2) it is possible to describe the data as well as by the CDM model. This
became possible through modications of the simulation of the hadronisation
in the new model. There are two modication which are important in this
respect: Firstly,in case that a sea quark is hit the strings between the struck
sea quark, its anti-partner and the target are arranged such that they may
overlap in rapidity space and thus lead to an enhanced particle production in
the central region. Secondly soft colour interaction is allowed for to simulate
large rapidity gap events. The rearrangement of strings going along with this
soft colour interaction may lead both to gaps between strings or to overlapping
strings and thus may also increase the amount of transverse energy in the
central region in events without a rapidity gap.




the parton and on the hadron level is shown for a low Q
2
{high W bin is




by the string fragmentation, the amount of E

T
coming from the hadronisation
processs in the MEPS model varies much with 

and is in the central region
larger than in the CDM model.
In Fig.2 also the result of a BFKL calculation on the parton level
4
is
shown, which lies by some amount lower and decreases somewhat stronger
4
towards large x than the data. However, in view of the large uncertainties
in the simulation of the hadronisation process, it is not possible to draw any









distributions have been measured in a wide range of Q
2
andW . There is almost no variation of the E

T
ow with the pseudorapidity 

and only slight decrease of E

T
per unit in 

in the central region (j

j < 0:75)
towards larger x at xed Q
2
. The comparison with recent model calculations
show that it is not possible to discriminate between DGLAP of BFKL like par-
ton evolutions schemes on the base of the E

T
ow only, because the inuence
of the hadronisation is on that observable is large and needs to studied further.
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